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57 ABSTRACT

A nonvolatile semiconductor memory, has a first wire; a sec-
ond wire adjacent to the first wire; a third wire disposed next
to the second wire such that the second wire is disposed
between the first wire and the third wire; a power supply
circuit for setting each of the wires at a predetermined poten-
tial; and a determining circuit for determining presence or
absence of a short circuit between the wires.

13 Claims, 5 Drawing Sheets

D20
: 30
Vdd
101 21a
BLC1/ BLP} BLC?
104
SBL1 ™C [
21b ~—
BLN !4
Vdd -
102 {22a] | 2
BLC1/ BLPi | BLC2 £
(BLZ ™C I—I/_/105 o
’ 22b— =
BLN} =
['a
w
vdd E
103 | 23a e
BLC1/ BLP{ BLC2
BL3 = oc 108
! 23b —
BLN!




U.S. Patent

Nov. 2, 2010 Sheet 1 of 5 US 7,826,268 B2
1/0
| power suppLy [ 20
-~ CIRCUIT
MEMORY CELL
ARRAY L 30
. .| DETERMINING
CIRCUIT
100
FIG. 1
— 1b ic Tt ot Tot T T
. LBLJ ( BL |BL | BL | BL | BL
) ?
Y Y
) I 1 )
WL1
[’
”_1[WL2
”1[ WL3
”1[wm
T (
) —l_il s
I rropor
10

FIG. 2



US 7,826,268 B2

Sheet 2 of 5

Nov. 2, 2010

U.S. Patent

——30

1IND™HID ONINIWY313d

FIG. 3



U.S. Patent

Nov. 2, 2010

BL BL3 BL2 BL1 BL2 BL3 BL

Sheet 3 of 5

|

|

|

|

13 12 11 12 13

FIG. 4

US 7,826,268 B2



U.S. Patent

Nov. 2, 2010

Sheet 4 of 5

(" staRT )

Y

US 7,826,268 B2

FIX SECOND WIRE AND THIRO
WIRE AT GROUND POTENTIAL

——S1

!

CHARGE FIRST TO POWER
SUPPLY POTENTIAL

—— 852

'

BRING FIRST WIRE INTO
FLOATING STATE

!

LEAVE FIRST WIRE FOR
PREDETERMINED TIME

Yes

S7

NI

POTENTIAL OF FIRST
WIRE HAS DECREASED BY
PREDETERMINED VALUE
OR LARGER?

DETERMINE PRESENCE OF
SHORT CIRCUIT BETWEEN
FIRST WIRE AND ONE OF
SECOND WIRE AND
THIRD WIRE

DETERMINE ABSENCE OF
SHORT CIRCUIT BETWEEN
FIRST WIRE AND ONE OF
SECOND WIRE AND
THIRD WIRE

FIG. 5



U.S. Patent Nov. 2, 2010 Sheet 5 of 5 US 7,826,268 B2

BLN _| L
BLP
BLCH J L
BL —
TDC —
BLC2 —
pA 7 TIME
FIG. 6
BLN
BLP [ ]
BLCH | I—l
\_s ok
BL f T e fail
z ok
™ _ SR fail
BLC2 _ ? [
{0 t1 213 ta t5 t6 t7 TIME

FIG. 7



US 7,826,268 B2

1

NONVOLATILE SEMICONDUCTOR
MEMORY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2007-
246816, filed on Sep. 25, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a nonvolatile semiconduc-
tor memory including a plurality of wires.

2. Background Art

In recent years, nonvolatile semiconductor memories such
as a NAND flash memory have been produced with smaller
design rules, and smaller design rules has been studied
through various processes. Accordingly, the latest process
technology may suffer from defective phenomena different
from defective phenomena that may occur in a process tech-
nology of the prior art.

One of the defective phenomena is, for example, a short
circuit between wires.

Among short circuits between wires, only a short circuit
between adjacent wires has been a problem in the prior art.

Thus in a nonvolatile semiconductor memory of the prior
art, a check is made only for short circuits between adjacent
wires in, for example, a product test (for example, see Japa-
nese Patent Laid-Open No. 2001-135100).

However, processes with smaller design rules may cause
short circuits not only between adjacent wires but also
between wires not adjacent to each other.

As described above, a check is made only for short circuits
between adjacent wires in the nonvolatile semiconductor
memory of the prior art. Thus it has not been possible to detect
short circuits between wires not directly adjacent to each
other.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is
provided: a nonvolatile semiconductor memory, comprising:

a first wire;

a second wire adjacent to the first wire;

a third wire disposed next to the second wire such that the
second wire is disposed between the first wire and the third
wire;

a power supply circuit for setting each of the wires at a
predetermined potential; and

a determining circuit for determining presence or absence
of a short circuit between the wires,

wherein the power supply circuit fixes the second wire at a
second potential different from a first potential, fixes the third
wire at a third potential different from the first potential, and
then fixes the first wire at the first potential, and

after the first wire is brought into a floating state and a
predetermined period has elapsed,

the determining circuit determines whether or not the first
wire is short-circuited with at least one of the second wire and
the third wire, based on a potential of the first wire in the
floating state.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of the main
configuration of a nonvolatile semiconductor memory
according to a first embodiment which is an aspect of the
present invention;

FIG. 2 is a circuit diagram showing an example of the cell
configuration of a memory cell array shown in FIG. 1;

FIG. 3 is a circuit diagram showing an example of the
connection relationship among the bit lines of the memory
cell array, a power supply circuit, and a determining circuit
which are shown in FIG. 1;

FIG. 4 illustrates the layout of the bit lines of the memory
cell array shown in FIG. 1;

FIG. 5 is a flowchart showing the operations for making a
check for short circuits between the bit lines (wires) in the
nonvolatile semiconductor memory;

FIG. 6 is a timing chart showing the operation of the non-
volatile semiconductor memory for fixing the potentials of
the second and third bit lines which are checked for short
circuits with the first bit line; and

FIG. 7 is a timing chart showing the operation of the non-
volatile semiconductor memory for transmitting information
about the potential of the target first bit line to the determining
circuit.

DETAILED DESCRIPTION

An embodiment to which the present invention is applied
will be described below in accordance with the accompany-
ing drawings.

The following embodiment will describe, as an example,
the case where the present invention is applied to a NAND
flash memory. The following will particularly discuss the case
where the bit lines of the NAND flash memory are checked
for short circuits.

First Embodiment

FIG. 1 is a block diagram showing an example of the main
configuration of a nonvolatile semiconductor memory
according to a first embodiment which is an aspect of the
present invention. In FIG. 1, a configuration such as a row
decoder and a column decoder of a NAND flash memory is
omitted.

FIG. 2 is a circuit diagram showing an example of the cell
configuration of a memory cell array shown in FIG. 1. FIG. 3
is a circuit diagram showing an example of the connection
relationship among the bit lines of the memory cell array, a
power supply circuit, and a determining circuit which are
shown in FIG. 1.

As shown in FIG. 1, a nonvolatile semiconductor memory
100 includes a memory cell array 10 having memory cells
arranged in a matrix form to store data, a power supply circuit
20 for supplying voltage to the memory cell array 10, and a
determining circuit 30.

Further, as shown in FIG. 2, a plurality of memory cells 1
are connected in series, each of which is made up of a MOS
transistor having a floating gate. One end of the plurality of
memory cells 1 connected in series is connected to a bit line
BL via a first selecting transistor 1a. The other end of the
plurality of memory cells 1 connected in series is connected to
a common source line 1¢ via a second selecting transistor 15.

The gates of the memory cells 1 are connected to word lines
WL1 to WL4, respectively. The gate of the first selecting
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transistor 1a is connected to a selecting line SLL1 and the gate
of the second selecting transistor 15 is connected to a select-
ing line ST.2.

As shown in FIG. 2, the plurality of bit lines BL. to which
the memory cells 1 are connected are arranged in parallel.

Further, as shown in FIG. 3, the power supply circuit 20
includes, for example, first MOS transistors 21a, 22a and 23a
and second MOS transistors 215, 22b and 235 which are
connected in series between a power supply Vdd and the
ground.

Moreover, a joint of the first MOS transistor 21a and the
second MOS transistor 215 is connected to a bit line BL1 via
a first switch element 101 acting as a MOS transistor.

A joint of the first MOS transistor 22q and the second MOS
transistor 225 is similarly connected to a bit line BL.2 via a
first switch element 102 acting as a MOS transistor.

A joint of the first MOS transistor 23a and the second MOS
transistor 235 is similarly connected to a bit line BL3 via a
first switch element 103 acting as a MOS transistor.

The bit line BL1 is connected to the determining circuit 30
via the first switch element 101 and a second switch element
104 acting as a MOS transistor.

The bit line BL.2 is similarly connected to the determining
circuit 30 via the first switch element 102 and a second switch
element 105 acting as a MOS transistor.

The bit line BL3 is similarly connected to the determining
circuit 30 via the first switch element 103 and a second switch
element 106 acting as a MOS transistor.

As described above, the circuit stages of the first and sec-
ond MOS transistors are connected to the respective bit lines.
By switching on/off the first and second MOS transistors, the
bit lines can be fixed at a power supply potential Vdd or a
ground potential. In other words, the power supply circuit 20
sets each of'the bit lines (wires) at a predetermined potential.

Further, by turning off the first switch elements, the bit
lines can be brought into a floating state. In the floating state,
the bit lines are disconnected from the other circuits. Thus, for
example, the bit lines in the floating state can be ideally kept
at a potential when not short-circuited with the other bit lines
and so on.

The potentials of the bit lines are transmitted to the deter-
mining circuit 30. The determining circuit 30 determines the
presence or absence of short circuits between the bit lines
(wires) based on the transmitted potentials.

The following will discuss operations for making a check
for short circuits between the bit lines (wires) in the nonvola-
tile semiconductor memory configured thus.

The present embodiment will describe the case where a
check is made for short circuits between a target bit line (wire)
and two bit lines (wires) adjacent to the target bit line. The
same operations are performed when a check is made for
short circuits between a target bit line (wire) and three or more
bit lines (wires) adjacent to the target bit line.

FIG. 4 illustrates the layout of the bit lines of the memory
cell array shown in FIG. 1.

InFIG. 4, afirst bit line 11 is a target first wire. A second bit
line 12 is a second wire adjacent to the first bit line 11. A third
bit line 13 is a third wire which is disposed next to the second
bit line 12 such that the second bit line 12 is disposed between
the first bit line 11 and the third bit line 13.

The following will describe a principle (concept) for
detecting short circuits between adjacent bit lines (wires)
according to the present invention.

First, the target first bit line is set at a certain potential and
the adjacent second and third bit lines are fixed at a different
potential from the potential of the first bit line.
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When the potential of the first bit line changes by a prede-
termined value or larger regardless of whether the target first
bit line is in the floating state or not, it is considered that the
charge of the first bit line has passed through the second and
third bit lines. In other words, it is considered that the first bit
line is short-circuited with the other bit lines.

When the potential of the first bit line changes by a prede-
termined value or smaller, it is considered that the bit line is
insulated from the other adjacent bit lines.

According to the principle, it is possible to identify short
circuits between adjacent bit lines (wires) or between bit lines
(wires) not adjacent to each other. In other words, it is pos-
sible to make a check for a short circuit between the first bit
line and the third bit line which are not directly adjacent to
each other.

FIG. 5 is a flowchart showing the operations for making a
check for short circuits between the bit lines (wires) in the
nonvolatile semiconductor memory.

As shown in FIG. 5, first, the power supply circuit 20 of the
nonvolatile semiconductor memory 100 fixes the second bit
line 12 at a second potential (in this case, the ground poten-
tial) different from a first potential (in this case, the power
supply potential) and fixes the third bit line 13 at a third
potential (in this case, the ground potential) different from the
first potential (step S1).

After that, the power supply circuit 20 charges the first bit
line 11 to the power supply potential which is the first poten-
tial (step S2).

Next, the nonvolatile semiconductor memory 100 brings
the first bit line 11 into the floating state (step S3).

Then, the nonvolatile semiconductor memory 100 leaves
the first bit line 11 for a predetermined period after bringing
the first bit line 11 into the floating state (step S4).

Next, the determining circuit 30 of the nonvolatile semi-
conductor memory 100 determines whether or not the poten-
tial of the first bit line 11 has decreased by the predetermined
value or larger (in other words, whether or not the potential of
the first bit line 11 is different from the power supply potential
by the predetermined value or larger) (step S5).

When the potential of the first bit line 11 has not decreased
by the predetermined value or larger (in other words, the
potential of the first bit line 11 is not different from the power
supply potential by the predetermined value or larger), the
determining circuit 30 determines that the first bit line 11 is
not short-circuited with the second and third bit lines 12 and
13 (step S6).

When the potential of the first bit line 11 has decreased by
the predetermined value or larger (in other words, the poten-
tial of the first bit line 11 is different from the power supply
potential by the predetermined value or larger), the determin-
ing circuit 30 determines that the first bit line 11 is short-
circuited with at least one of the second bit line 12 and the
third bit line 13 (step S7).

In other words, in steps S5 to S7, the determining circuit 30
determines whether or not the first bit line 11 is short-cir-
cuited with at least one of the second bit line 12 and the third
bit line 13, based on the potential of the first bit line 11 in the
floating state.

After step S7, for example, the second bit line 12 adjacent
to the first bit line 11 is defined as another target first bit line
and the same flow is performed again.

According to the above flow, the nonvolatile semiconduc-
tor memory 100 makes a check for short circuits between the
bit lines (wires). This flow is performed on all target bit lines.

In the above flow, the first potential is a power supply
potential and the second potential and third potential are
ground potentials. Other combinations of potentials may be
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used as long as the first potential and the second and third
potentials are different from each other.

For example, the first potential may be a ground potential
and the second and third potentials may be power supply
potentials.

Alternatively, the third potential may be a ground potential
and the second potential may be a power supply potential. In
this case, the first potential is a potential other than the ground
potential and the power supply potential.

The power supply circuit may discharge the first bit line as
necessary in order to set the first bit line at the first potential.

As an example of the operation of the nonvolatile semicon-
ductor memory for performing the above flow, the operation
of the circuit shown in FIG. 3 will be described below. For
simplicity, the following will only discuss the wire which is
adjacent to the target first bit line BL1 of FIG. 3 along one
side. The same holds true on the opposite side.

FIG. 6 is a timing chart showing the operation of the non-
volatile semiconductor memory for fixing the potentials of
the second and third bit lines which are checked for short
circuits with the first bit line. Signals shown in FIG. 6 are
applied to the circuits connected to the second and third bit
lines BL.2 and BL.3 of FIG. 3.

FIG. 7 is a timing chart showing the operation of the non-
volatile semiconductor memory for transmitting information
about the potential of the target first bit line to the determining
circuit. Signals shown in FIG. 7 are applied to the circuits
connected to the first bit line BL1 of FIG. 3.

First, as shown in FIG. 6, BLN and BLC1 are set at “High”
at time t0. This state continues until time t7. Thus the second
MOS transistors 2256 and 235 and the first switch elements
102 and 103 in FIG. 3 are turned on and the second and third
bit lines are fixed at the ground potential (corresponding to
step S1 of FIG. 5).

Next, as shown in FIG. 7, BLP and BLC1 are set at “High”
at time t1. Thus the first MOS transistor 21a and the first
switch element 101 in FIG. 3 are turned on and the first bit line
BL1 is charged to the power supply potential Vdd (corre-
sponding to step S2 of FIG. 5). At this moment, a wire TDC
between the first switch element 101 and the second switch
element 104 is also charged to the power supply potential
Vdd.

Next, as shown in FIG. 7, BLP is set at “Low” at time t2.
Thus the first MOS transistor 21a is turned off and charging
for the first bit line is completed.

Then, as shown in FIG. 7, BLC1 is set at “Low” at time t3.
Thus the first switch element 101 of FIG. 3 is turned off and
the first bit line is brought into the floating state (correspond-
ing to step S3 of FIG. 5).

Next, as shown in FIG. 7, the first bit line is left for a
predetermined time between time t3 and time t4 (correspond-
ing to step S4 of FIG. 5).

Then, as shown in FIG. 7, BLC1 is set at “High” at time t4.
Thus the first switch element 101 of FIG. 3 is turned on and
the potential of the first bit line BL1 is transmitted to the wire
TDC.

In other words, when the first bit line BL1 is not short-
circuited with the second and third bit lines BL.2 and BL3, the
potential of the first bit line BL1 is ideally kept, so that the
potential of the wire TDC does not change.

When the first bit line BL1 is short-circuited with the
second and third bit lines BL.2 and BL3, the potential of the
first bit line BLL1 decreases, so that the potential of the wire
TDC decreases.
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Next, as shown in FIG. 7, BLC1 is set at “Low” at time t5.
Thus the first switch element 101 of FIG. 3 is turned off and
the transmission of the potential to the wire TDC is com-
pleted.

Then, as shown in FIG. 7, BLC2 is set at “High” from time
16 to time t7. Thus the second switch element 104 of FIG. 3 is
turned on and the potential of the wire TDC is transmitted to
the determining circuit 30. In other words, the potential (in-
formation) corresponding to the potential of the first bit line
BL1 is transmitted to the determining circuit 30.

Next, as in step S5, the determining circuit 30 determines
whether or not the potential of the first bit line BL1 is different
from the power supply potential by the predetermined value
or larger, based on the transmitted potential (that is, the poten-
tial of the first bit line BL1).

Further, as in step S6, when the potential of the first bit line
BL1 is not different from the power supply potential by the
predetermined value or larger, the determining circuit 30
determines that the first bit line BL1 is not short-circuited
with the second and third bit lines BL2 and BL3.

As in step S7, when the potential of the first bit line BL1 is
different from the power supply potential by the predeter-
mined value or larger, the determining circuit 30 determines
that the first bit line BL1 is short-circuited with at least one of
the second bit line BL2 and the third bit line BL3.

As described above, according to the nonvolatile semicon-
ductor memory of the present embodiment, it is possible to
make a check for short circuits between wires not adjacent to
each other.

It is thus possible to mount a circuit system for making a
check for short circuits not only between adjacent wires but
also between wires not adjacent to each other when a wiring
layer is checked for short circuits, and conduct tests, thereby
improving the product yield of the nonvolatile semiconductor
memory.

In the present embodiment, the wires to be checked are bit
lines. The present invention is similarly applicable to word
lines and other kinds of wires.

What is claimed is:

1. A nonvolatile semiconductor memory, comprising:

a first wire;

a second wire adjacent to the first wire;

a third wire disposed next to the second wire such that the
second wire is disposed between the first wire and the
third wire;

a power supply circuit for setting each of the wires at a
predetermined potential; and

a determining circuit for determining presence or absence
of a short circuit between the wires,

wherein the power supply circuit fixes the second wire at a
second potential different from a first potential, fixes the
third wire at a third potential different from the first
potential, and then fixes the first wire at the first poten-
tial, and

after the first wire is brought into a floating state and a
predetermined period has elapsed,

the determining circuit determines whether or not the first
wire is short-circuited with at least one of the second
wire and the third wire, based on a potential of the first
wire in the floating state.

2. The nonvolatile semiconductor memory according to
claim 1, wherein when the potential of the first wire is differ-
ent from the first potential by a predetermined value or larger,
the determining circuit determines that the first wire is short-
circuited with at least one of the second wire and the third
wire.
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3. The nonvolatile semiconductor memory according to
claim 1, wherein the first to third wires are bit lines connected
to memory cells.

4. The nonvolatile semiconductor memory according to
claim 2, wherein the first to third wires are bit lines connected
to memory cells.

5. The nonvolatile semiconductor memory according to
claim 1, wherein the first potential is a power supply potential
and the second potential and the third potential are ground
potentials.

6. The nonvolatile semiconductor memory according to
claim 2, wherein the first potential is a power supply potential
and the second potential and the third potential are ground
potentials.

7. The nonvolatile semiconductor memory according to
claim 3, wherein the first potential is a power supply potential
and the second potential and the third potential are ground
potentials.

8

8. The nonvolatile semiconductor memory according to
claim 4, wherein the first potential is a power supply potential
and the second potential and the third potential are ground
potentials.

9. The nonvolatile semiconductor memory according to
claim 1, wherein the nonvolatile semiconductor memory is a
NAND flash memory.

10. The nonvolatile semiconductor memory according to
claim 2, wherein the nonvolatile semiconductor memory is a
NAND flash memory.

11. The nonvolatile semiconductor memory according to
claim 3, wherein the nonvolatile semiconductor memory is a
NAND flash memory.

12. The nonvolatile semiconductor memory according to
claim 4, wherein the nonvolatile semiconductor memory is a
NAND flash memory.

13. The nonvolatile semiconductor memory according to
claim 5, wherein the nonvolatile semiconductor memory is a
NAND flash memory.
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